S everal orthopedic registries have described the incidence of total knee arthroplasty (TKA) after knee arthroscopy. [1] [2] [3] [4] [5] [6] [7] In addition, patient risk factors may play a role in the rate of conversion from knee arthroscopy to TKA. This study quantifies the incidence of conversion of knee arthroscopy to TKA from a US mixedpayer database and describes common patient risk factors for conversion.
Materials and Methods
Explorys (Explorys Inc, Cleveland, Ohio), a commercially available software platform, was used to mine data from a pooled electronic health care database that contains inpatient and ambulatory care data from major health care systems across the United States. Patient information is deidentified and converted into Systematized Nomenclature of Medicine-Clinical Terms (SNOMED-CT) format. Patient numbers are rounded to the nearest 10 to ensure compliance with the Health Insurance Portability and Accountability Act for patient groups with rare diseases. This study was deemed exempt by the Summa Health System Institutional Review Board because it contained only deidentified patient data.
On June 6, 2015, patient cohorts were created with Explorys software. At the time, the database included more than 50 million patients who were treated between 1998 and 2014. Initially, a control cohort was created that included all patients older
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The Explorys database system uses its own descriptors to register information. These descriptors are mostly based on SNOMED, which was developed by the College of American Pathologists to uniformly categorize procedures, diagnoses, pharmacologic classes, patient findings, and other clinical data. 8 Most descriptors are similar to a specific SNOMED code. Unlike many other databases, the descriptors used in Explorys are not based on International Classification of Diseases, Ninth Revision; International Classification of Diseases, Tenth Revision; or Current Procedural Terminology (CPT) codes. During creation of the patient cohorts, the appropriate CPT codes were translated into the appropriate Explorys descriptors. Because Explorys descriptors do not match CPT codes exactly, several Explorys descriptors were used for each procedure to ensure that all information was captured appropriately.
In this study, knee arthroscopy with partial meniscectomy with or without chondroplasty (CPT 29881) and knee arthroscopy with chondroplasty (CPT 29877) were defined with the following Explorys descriptors: "Procedure: Arthroscopic meniscectomy," "Procedure: Arthroscopic chondroplasty of the knee joint," and "Procedure: Arthroscopic debridement of the knee joint." Total knee arthroplasty (CPT 27447) was defined as including the following Explorys descriptors: "Procedure:
Total knee replacement," "Procedure: Replacement of total knee joint," "Procedure: Arthroplasty of knee," "Procedure: Total prosthetic replacement of knee joint not using cement," and "Procedure: Total prosthetic replacement of knee joint using cement." Explorys allows the user to select 1 or any number of these descriptors for each patient to eliminate potential redundancy.
Statistical Analysis
The incidence of TKA at 1, 2, and 3 years after knee arthroscopy for partial meniscectomy or chondroplasty in patients older than 50 years was determined. The relative risk with 95% confidence interval (CI) was calculated for age, race, sex, obesity, diabetes, nicotine dependence, depressive disorder, and rheumatoid arthritis. Pearson's chi-square statistical test for comparing proportions of categorical variables was used to determine significance at P<.05.
results
During the study period, 68,090 patients older than 50 years underwent knee arthroscopy for partial meniscectomy, chondroplasty, or debridement. The incidence of conversion to TKA was 10.1% (6890 patients) at 1 year, 13.7% (9340 patients) at 2 years, and 15.6% (10,600 patients) at 3 years.
Subgroup analysis was performed on patients who underwent conversion to TKA at 2 years to determine possible risk factors. Subgroups included age at the time of knee arthroscopy (in 5-year increments), race, sex, obesity, diabetes, nicotine dependence, depressive disorder, and rheumatoid arthritis ( Table 1) . Obese patients had the highest incidence of conversion to TKA of 21.1% (P<.001), with relative risk of 1.93 (95% CI, 1.86-2.00) compared with the control cohort. Patients with depressive disorder had an incidence of conversion to TKA of 20.5% (P<.001), with relative risk of 1.77 (95% CI, 1.70-1.84) compared with the control cohort. In patients with rheumatoid arthritis, the incidence of conversion to TKA was 23.6% (P<.001), with relative risk of 1.76 (95% CI, 1.63-1.91) compared with the control cohort. Women, patients 70 years and older, and those with diabetes also had an increased incidence of conversion to TKA ( Table 2) . The youngest patient group in this study, 50 to 54 years, had the lowest incidence of conversion to TKA of 8.3% (P<.001), with relative risk of 0.587 (95% CI, 0.538-0.640) compared with the control cohort. Men had a lower incidence of conversion to TKA of 11.3% (P<.001) compared with women (15.8%). Obesity was the highest relative risk factor for conversion to TKA at 2 years. When obesity was combined individually with the top 5 other risk factors, no combination produced a higher relative risk than obesity alone ( Table 3) .
discussion
The incidence of conversion of knee arthroscopy to TKA in the US population is similar to that reported in other populations. [1] [2] [3] [4] [5] [6] Harris et al 1 reported a 21.5% rate of conversion to TKA within 24 months of knee arthroscopy in a large Australian cohort of patients who were 65 years and older. 1 Raaijmaakers et al 2 showed a 17.4% conversion rate within 24 months in patients 65 years and older at a hospital in Belgium. Another large database review in Ontario, Canada, found an 18.4% rate of conversion to TKA within 3 years of knee arthroscopy in patients older than 50 years. 3 Registry data in Scotland showed a 15.3% rate of conversion to TKA within 2 years in patients older than 60 years. 4 The lower rate of conversion to TKA in the US population found in the current study is likely the result of inclusion of younger patients. Of the listed studies that were conducted in other populations, 3 did not include patients who were younger than 65 years at the time of index arthroscopy. The incidence of conversion to TKA at 1 year reported in this US mixed-payer population (10.1%) is nearly identical to the rate of 10.2% reported by Johanson et al 7 in a large Medicare population.
Elevated risk of conversion of knee arthroscopy to TKA has been linked to sex, increased age, and increased severity of knee arthritis.
1,3,5,6 Raaijmaakers et al 2 showed a correlation between the Kellgren-Lawrence grade of cartilage lesions found during arthroscopy and conversion to TKA within 24 months. Wai et al 3 found that patients 70 years and older had a 4.7 times greater likelihood of undergoing TKA 1 year after arthroscopic debridement compared with patients younger than 60 years. Hawker et al 5 showed higher rates of readmission for TKA in women, patients with a diagnosis of osteoarthritis, and patients older than 65 years. Similarly, in England, Jameson et al 6 showed an increased incidence of TKA after knee arthroscopy within 5 years in women and patients older than 60 years. The current study supports the findings of increased rates of conversion to TKA in women and patients 70 years and older. The oldest patients in this study were more likely to have degenerative joint disease of the knee and thus opted for conversion to TKA sooner. A recent review of the literature showed consistently poorer radiographic outcomes after arthroscopic partial meniscectomy in women. 9 Although the reasons for this association are unclear, this finding explains the higher relative risk of conversion to TKA found in women in this study.
Obesity, diabetes, depressive disorder, and rheumatoid arthritis were not previously identified as risk factors for TKA after knee arthroscopy in older adults. Obesity has been linked to increased radiographic evidence of osteoarthritis and poorer functional outcomes after arthroscopic partial meniscectomy. 9, 10 In addition, obesity is an independent risk factor for TKA.
11 This supports the current finding of increased relative risk of TKA after knee arthroscopy in obese patients. However, it is unclear why no increase in relative risk was seen when obesity was combined with the top 5 other risk factors.
Surprisingly, patients with depressive disorder had the second highest relative risk of conversion to TKA. In the spine literature, depression was associated with worse surgical outcomes and slower return to work after lumbar and cervical surgery compared with patients without a diagnosis of depressive disorder. 12, 13 This finding likely can be extrapolated to other surgical procedures as a result of poorer coping mechanisms and increased pain perception in patients with depressive disorder.
Limitations
This study had several limitations. The accuracy and completeness of the data depend on the electronic medical records at each participating institution. Further, patients who underwent conversion to TKA at an institution not included in the database may be omitted from this study. Inherent limitations of the database include the inability to correlate the severity of osteoarthritis or any functional outcome data.
conclusion
The incidence of TKA after knee arthroscopy in US patients older than 50 years is relatively low and is similar to rates reported internationally. [1] [2] [3] [4] [5] Women, patients 70 years and older, obese patients, and those with diabetes, depressive disorder, and rheumatoid arthritis are at increased risk for TKA within 2 years of knee arthroscopy. Men and patients 50 to 54 years of age have the lowest incidence of TKA within 2 years of knee arthroscopy. This information can help surgeons to counsel patients on the incidence of TKA after knee arthroscopy and to identify preoperative risk factors that increase risk.
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